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© Bearing support system for a roll submerged in a molten metal coating bath. 



© The invention includes a vessel (24) for contain- 
ing a bath (28) of molten coating metal such as zinc, 
a sink roll (30) submerged into the bath defining a 
path of travel for a metal strip (12) through the bath 
with the strip applying force to the roll as a result of 
tensile load on the strip and a pair of stabilizing rolls 
(32). Sink roll (30) is supported by a pair of spaced 
arms (36) and each stabilizing roll (32) is supported 
by a pair of spaced arms (44). Each roll has a 
cylindrical body (52) having an outer surface for 
being in contact with strip (12) and a trunnion (54) 
projecting axially from each end of the roll body. 
Each arm (36) has an upper end (38) and a lower 
end (40), the upper ends being mounted at positions 
(42) above the vessel and the lower ends for being 
submerged into the bath. Each lower end of the 
arms includes means (58) for supporting the roll and 



means (56) for restraining lateral thrust of the roll. 
The support means includes an oversized opening 
(59), a ceramic wear resistant bearing (68) mounted 
within the opening and a cylindrical sleeve (66) 
mounted onto each of the trunnions. Each sleeve 
has an outer wear resistant surface (72). Each of the 
sleeve mounted trunnions is positioned within and 
supported by one of the openings. Restraining 
means (56) includes a stop surface (60) disposed 
adjacent to the outer end of the trunnion. The bear- 
ing surface is at least as wide as the width of the 
sleeve and the distance between the stop surfaces is 
greater than the over all length of the roll. This 
insures that the full width of the outer surface of the 
sleeve is supported by the bearing during coating of 
the strip. 
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BACKGROUND OF THE INVENTION 

This invention relates to hot dip coating of 
continuous metal strip with molten metal. More 
particularly, the invention relates to an improved 
bearing system for supporting a submerged roll in 
the bath of the molten coating metal. 

Wear resistance has been improved in recent 
years for steel rolls used on high speed hot dip 
coating lines. It is common practice for furnace 
hearth rolls and submerged pot rolls to be overlaid 
with a protective ceramic coating of oxide, carbide 
or nitride by known thermal deposition techniques. 
Dross pickup from the surface of the coating bath 
to submerged pot rolls is minimized because dross 
particles do not wet the ceramic roll surface as well 
as a steel roll surface. Similar improvements have 
not been made, however, in the bearing systems 
for supporting these rolls. The service life of 
present day bearing systems does not economical- 
ly justify the expense of a pot roll overlaid with a 
ceramic coating. 

Bearings are used for supporting submerged 
rolls in a hot dip molten metal coating pot. US 
patent 5,099,780 discloses using a pair of spaced 
arms for supporting submerged sink or stabilizing 
roils. Each end of a roll includes an axially extend- 
ing stub shaft having a temperature and wear resis- 
tant sleeve mounted thereon. A metal bushing ele- 
ment is welded into an opening provided in the 
lower end of each support arm. Each bushing ele- 
ment is provided with an axiaJly extending over- 
sized opening for receiving one of the sleeve 
mounted stub shafts. The bushing element in- 
cludes two or more flat bearing surfaces disposed 
in intersecting planes providing point contact be- 
tween each bushing element and the sleeve. This 
bushing element configuration eliminates the ten- 
dency for a pot roll to chatter when hot dip coating 
a metal strip. Nevertheless, this roll support system 
is unsatisfactory because the service life of the 
bushing element and sleeve may be less than that 
of the submerged pot roll. Uneven wear to the 
bushing element and sleeve caused by lateral 
thrusting of the pot roll increases friction and 
causes uneven rotation of the pot roll. Uncontrolled 
lateral thrusting of the pot roll also causes wear or 
galling to the stub shafts. 

World patent application 91-3581 also dis- 
closes a support system for a submerged pot roll. 
Each end of the pot roll includes an axially extend- 
ing trunnion having a sleeve mounted thereon. The 
roll is supported by a pair of spaced arms with the 
lower end of each arm provided with a housing for 
receiving one of the sleeve mounted trunnions. 
Each housing includes a chevron shaped ceramic 
bearing shell having two flat bearing surfaces dis- 
posed in intersecting planes to provide two point 



contact between each bearing shell and sleeve. 
The working life of the bearing shell and bushing is 
increased. Nevertheless, this roll support system is 
unsatisfactory because a sleeve wider than the 

5 bearing surface causes uneven wear when roll 
thrust occurs thereby resulting in roll chatter. 

Accordingly, there remains a need for a bear- 
ing support system for a submerged pot roll 
wherein the support system has a life expectancy 

w at least equal to that of the pot roll to eliminate 
unplanned coating line interruptions for replacing 
the support system. There also remains a need for 
an improved bearing support system for a sub- 
merged pot roll to justify the cost of applying a 

rs ceramic overlay coating to the surface of the pot 
roll. There is a further need to control lateral thrust- 
ing of the pot roll to eliminate uneven wear to the 
support system and to prevent gaJling of the pot 
roll trunnions. 

20 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to hot dip coating of 
continuous metal strip with molten metal. More 
25 particularly, the invention relates to an improved 
bearing system for supporting a submerged roll in 
the bath of the molten coating metal. 

An object of the invention is to provide a bear- 
ing system having an operating life at least equal 
30 to the operating life of a ceramic coating overlaid 
onto the surface of the submerged pot roll. 

Another object of the invention is to control 
lateral thrusting of the pot roll while coating the 
metal strip. 

35 Another object of the invention is to improve 
coating thickness uniformity on the strip when 
emerging from the coating bath by controlling strip 
motion. 

The invention includes a vessel for containing a 

40 bath of molten coating metal, at least one roll 
submerged into the bath for defining a path of 
travel for a metal strip through the bath with the 
strip applying force to the roll as a result of tensile 
load on the strip and a pair of spaced arms for 

45 supporting the roll. The roll has a cylindrical body 
having an outer surface for being contacted by the 
strip and a trunnion projecting axially from each 
end of the roll body. Each arm has an upper and a 
lower end, the upper end being mounted at a 

so position above the vessel and the lower end for 
being submerged into the bath. Each lower end 
includes means for supporting one end of the roll 
and means for restraining lateral thrust of the roll. 
The support means includes an oversized opening, 

55 a ceramic wear resistant bearing mounted within 
the opening and an annular sleeve having an outer 
wear resistant surface. The sleeve is mounted onto 
one of the trunnions. One of the sleeve mounted 
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trunnions is positioned within and supported by the 
opening. The restraining means includes a stop 
surface disposed adjacent to the outer end of the 
trunnion supported by the opening for controlling 
lateral thrust of the roll. The bearing is at least as 
wide as the width of the outer surface of the sleeve 
so that the full width of the sleeve is supported by 
the bearing surface. The distance between the stop 
surfaces is slightly greater than the distance be- 
tween the ends of the trunnions so that the full 
width of both sleeves is supported by the bearing 
surfaces when coating the strip. 

Another feature of the invention is for the afore- 
said restraining means to include a thruster arm 
disposed adjacent to the outer end of the trunnion 
and mounted to the lower end of the support arm. 

Another feature of the invention is for the afore- 
said bearing to include a pair of juxtaposed inserts 
each having a flat bearing surface with the flat 
surfaces disposed in planes intersecting one an- 
other providing two point contact with the sleeve. 

Another feature of the invention is for a wear 
resistant rounded cap being mounted to the end of 
each of the aforesaid trunnions. 

Advantages of the invention include improved 
strip stability when excess molten coating metal is 
removed by jet finishing nozzles, increased service 
life of pot roll bearings and sleeves, uniform wear 
to pot roll bearings and sleeves, elimination of 
unplanned coating line interruptions, reduced roll- 
ing friction between the pot roll and the support 
system, all of which reduce maintenance and op- 
erating costs of a molten metal coating operation. 
Additional advantages include elimination of pot roll 
chatter, elimination of galling to pot roll trunnions 
and trunnion sleeves and reduced bearing wear. 

The above and other objects, features and ad- 
vantages of the invention will become apparent 
upon consideration of the detailed description and 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic elevation view of a con- 
tinuous hot dip coating line incorporating the 
invention, 

FIG. 2 is a top plan view of a portion of the 
structure illustrated in FIG. 1 incorporating one 
embodiment of the invention, 
FIG. 3 is similar to FIG. 2 with a portion of the 
lower end of each of the support arms removed, 
FIG. 4 is a section view taken along line 4-4 of 
FIG. 2, 

FIG. 4A is an enlarged view of the bearing of 
FIG. 4, 

FIG. 5 is a schematic view of a conventional 
bearing for supporting a pot roll illustrating un- 
even wear to a trunnion sleeve and galling to a 



support arm, 

FIG. 6 is similar to FIG. 5 illustrating advanced 
wear and galling to the trunnion sleeve. 

5 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

This invention relates to hot dip or immersion 
coating of continuous lengths of metal strip or foil 
w with molten metal and is for an improved bearing 
system for supporting a submerged roll in the bath 
of the molten coating metal. Non-limiting coating 
metals for use with the invention preferably include 
commercially pure metals and metal alloys of zinc 

75 and aluminum. The continuous lengths of metal 
strip or foil for use with the invention may include a 
variety of steels such as low carbon steel, deep 
drawing steel, chromium alloyed steel, stainless 
steel as well as non-ferrous metals such as alu- 

20 minum and aluminum alloys. 

FIG. 1 illustrates a high speed continuous coat- 
ing line 10 for coating a moving metal strip 12 with 
molten metal. Coating line 10 may include in-line 
strip cleaning and annealing such as a cleaning 

25 section 14, a heating section 16 for heating the 
strip to at least the melting point of the coating 
metal, a cooling section 18, a turn down roll 20 and 
a sealed snout 22 for protecting the cleaned metal 
strip being immersed into a coating vessel 24. The 

30 heating, cooling and snout portions of the coating 
line contain a non-oxidizing protective atmosphere. 
After the metal strip emerges from vessel 24, the 
coating metal is solidified and metal coated strip 
12A passes around another change of direction roll 

35 26 before passing on to possible additional pro- 
cessing and being rewound into a coil. Alternative- 
ly, strip 12 may be cleaned and/or pre-annealed 
prior to being processed on coating line 10. 

Coating vessel 24 is for containing a bath 28 of 

40 molten metal, e.g., zinc, and includes one or more 
submerged pot rolls such as a change of direction 
or sink roll 30, a pair of stabilizing rolls 32 posi- 
tioned on opposite sides of strip 12 and a pair of 
jet finishing nozzles 34 positioned on opposite 

45 sides of as-coated strip 12A. Nozzles 34 are sup- 
plied with a pressurized gas, e.g. air, for removing 
excess molten coating metal from strip 12A and for 
controlling the thickness of the coating layer on 
each surface of the strip. Nozzles 34 may be 

50 enclosed within a sealed enclosure (not shown) in 
which case the pressurized gas is non-oxidizing to 
the coating metal, e.g., nitrogen. Sink roll 30 is 
supported by a pair of spaced arms 36, each arm 
having an upper end 38 for being rigidly mounted 

55 above vessel 24 to a frame 42 and a lower end 40 
submerged into bath 28 for supporting one end of 
roil 30. Each stabilizing roll 32 is supported by a 
similar pair of spaced arms 44, each arm 44 having 
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an upper end 46 for being rigidly mounted above 
vessel 24 to a frame 48 and a lower end 50 
submerged into bath 28 for supporting one end of 
roll 32. 

FIG. 2 is a top plan view of a portion of the 
structure of FIG. 1 illustrating one embodiment of a 
bearing system of the invention for supporting sink 
roll 30. Since the bearing systems for supporting 
stabilizing rolls 32 are similar to the one for sup- 
porting sink roll 30, details for the construction of a 
submerged roll and support system will be pro- 
vided only for sink roll 30. Each roll includes a 
cylindrical body 52 whose outside surface is for 
supporting metal strip 12 and a wear resistant 
trunnion 54 projecting axially from each end of the 
roll body. The outside surface of roll body 52 
preferably is overlaid with a wear resistant protec- 
tive coating such as tungsten carbide having a 
thickness of at least 0.7 mm. Each trunnion 54 
preferably has a cylindrical outer surface 57 and a 
wear resistant metal or ceramic hemispherical cap 
55 mounted to the end thereof. Cap 55 may be 
formed of a wear resistant metal composition such 
as Stellite 6B and secured to each trunnion 54 
such as by a weld 76 (FIG. 3). Alternatively, the 
surface of cap 55 may be formed by overlaying a 
wear resistant oxide, carbide or nitride coating. 
Each lower end 40 of arms 36 includes means 56 
for restraining lateral thrust of sink roll 30 and 
means 58 for supporting one of trunnions 54. Sup- 
port means 58 includes an opening for receiving 
axle portion 57 of one of trunnions 54. Restraining 
means 56 includes a stop surface 60 disposed 
adjacent to the outside of the opening. Stop sur- 
face 60 preferably includes a thruster arm 62 rig- 
idly connected to lower end 40 of each support 
arm 36 extending parallel to and away from the 
lower end of the support arm to a position adjacent 
to and outside of the opening. Each stop surface 
60 may include a wear resistant ceramic insert 61 , 
such as tungsten carbide, mounted to the inside 
surface of thruster arm 62. One of stop surfaces 60 
of thruster arms 62 is located adjacent to each 
trunnion cap 55 for restraining lateral thrusting of 
the sink roll. 

FIG. 3 is the same as FIG. 2 with a portion of 
lower end 40 of each support arm 36 removed to 
illustrate details of support means 58. Support 
means 58 includes a round oversized opening 59, 
ajvear resistant ceramic bearing 68 is mounted 
within the opening and an annular wear resistant 
metal or ceramic sleeve 66. Sleeve 66 is mounted 
onto surface 57 of each trunnion 54. If outer sur- 
face 57 of trunnion 54 is cylindrical, the diameter of 
the bore of sleeve 66 will be only slightly larger 
than the outer diameter of the trunnion. A critical 
feature of the invention is for the inner or bearing 
surface 70 of each bearing 68 to have a width at 



least as wide as sleeve 66 so that the full width of 
outer surface 72 of sleeve 66 is supported by the 
bearing surface. Preferably, bearing surface 70 of 
bearing 68 has a width greater than the width of 
5 sleeve 66. More preferably, support surface 70 is 
at least 20 % wider than sleeve 66. In the embodi- 
ment illustrated in FIG 3., bearing surface 70 has a 
width about twice the width of sleeve 66. Sleeve 66 
is connected to trunnion 54 such as by being 
w mechanically shrink fitted to prevent rotation rela- 
tive to the trunnion when the submerged roll is 
rotated by metal strip 12. This restricts wear to the 
sleeve rather than the outer surface of the trunnion. 
An important feature of this invention is that, by 

rs positioning stop surface 60 close to each trunnion 
cap 55 thereby permitting only minimal lateral 
movement by the submerged roll, the full width of 
sleeve 66 on each trunnion 54 is supported by 
bearing 68 during coating of the strip. The distance 

20 between stop surfaces 60 of thruster arms 62 is 
only slighter greater than the distance between 
ends 55 of trunnions 54 so that both ends 55 of roll 
30 do not contact both surfaces 60 at the same 
time. By having the stop surface close to each cap 

25 is meant this distance difference should be at least 
8 mm, preferably 10 to 15 mm. A small gap 64 will 
always be present on one end or the other between 
cap 55 and stop surface 60. This gap advanta- 
geously eliminates any frictional turning resistance 

30 between the submerged roll and the restraining 
means. This minimizes frictional rolling resistance 
between the submerged roll and the stop surfaces 
and minimizes wear to the stop surfaces by the 
ends of the trunnions. 

35 FIG. 4 is a section view taken along line 4-4 of 

FIG. 2 illustrating a preferred embodiment of bear- 
ing 68 for supporting submerged rolls in vessel 24. 
When molten metal is coated onto metal strip 12 
from bath 28, the strip is pulled through coating 

40 line 10. This tensile force on strip 12 passing 
around the bottom of sink roll 30 causes the roil to 
be displaced upwardly and to the right (as viewed 
in FIGS. 4 and 4A) until surfaces 72 of sleeves 66 
contact bearing surfaces 70 of bearings 68. Open- 

45 ing 59 in lower end 40 of arm 36 is oversized so 
that the outer diameter of sleeve 66 is less than the 
diameter of opening 59 permitting freedom of 
movement by sink roll 30. When coating line 10 is 
operating, tension is maintained on strip 12 and 

50 submerged roll 30 is supported by bearings 68, 
i.e., the operating position. 

FIG. 4A illustrates in detail the bearing of FIG. 
4. Bearing 68 preferably is formed from a pair of 
trapezoidal shaped juxtaposed inserts with a first 

55 insert 82 having an inner planar or flat bearing 
surface 86 and a second insert 84 having an inner 
flat bearing surface 88. The intersection of bearing 
surfaces 86 and 88 forms an obtuse inner angle 89, 
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preferably greater than 100% more preferably be- 
tween 110* and 145*. converging at a joint 90. An 
arcuate groove 94 may be machined within open- 
ing 59 for receiving bearing inserts 82 and 84. 
Each end 96 of groove 94 is undercut by an acute 
angle 99 so that the bearing inserts are retained 
within groove 94, even when the trunnion sleeves 
do not contact the bearing inserts. The wedging 
action at joint 90 results in bearing 68 being tightly 
locked within groove 94 thereby preventing molten 
metal from entering the bearing seats. When bear- 
ing surfaces 86 and 88 are flat, two point contact 
occurs between sleeve 66 and points of tangency 
92 when tensile force is applied to strip 12. This 
two point contact (line contact when viewed in FIG. 
3) minimizes rolling frictional resistance of the 
sleeve against the bearing that otherwise would 
exist if the bearing surfaces were arcuate. When 
tension is removed from strip 12 such as during a 
coating line interruption, sink roll 30 is displaced 
downwardly a short distance within space 78 of 
oversize opening 59 with sleeves 66 no longer 
contacting bearing 68. This is the unloaded or non- 
operating position illustrated in phantom by dotted 
lines 80. In this non-operating position of the sub- 
merged roll, bearing inserts 82 and 84 remain 
tightly wedged within groove 94. 

In the discussion above relating to FIG. 3, it 
was indicated the width of bearing surface 70 of 
bearing 68 is at least as wide as sleeve 66 so that 
the full width of outer surface 72 of sleeve 66 is 
supported by bearing surface 70. FIG. 5 is a sche- 
matic view illustrating the type of uneven wear 
frequently occurring to a conventional bearing for 
supporting a submerged pot roll when the width of 
the bearing is less than the width of the sleeve. 
When a bearing 104 has a width less than a 
trunnion sleeve 106, uneven wear 108 on the out- 
side surface of sleeve 106 is likely to occur. Fur- 
thermore, without some means for restraining lat- 
eral thrust of a submerged pot roll 100, end 102 of 
roll 100 and the lower end of support arm 98 are 
likely to become galled as indicated at 110 on 
support arm 98 and roll end 102. With the addi- 
tional passage of time as illustrated in FIG. 6, wear 
to outside surface 112 of sleeve 106 becomes 
more severe and uneven. Each of the lateral edges 
of bearing 104 eventually forms gouges 114 in 
sleeve 106 resulting in premature failure. 

A trial using the invention will now be de- 
scribed. A low carbon steel strip having a thickness 
of about .89 mm and a width of about 122 cm was 
conventionally cleaned, heated and then immersed 
into a molten bath of zinc. The vessel included pot 
roll equipment similar to that illustrated in FIG. 1. A 
cylindrical metal sleeve having a width of 6.3 cm, 
an inner diameter of 11.4 cm and an outer diam- 
eter of 14.6 cm was mounted onto both trunnions 



of a sink roll. The overall length of the sink roll 
between the ends of the trunnions was 256.3 cm at 
galvanizing operating temperature. The composi- 
tion of the sleeve was Stellite 6B. The lower end of 
5 each support arm included an oversized opening 
having a diameter of about 15.2 cm for receiving 
one end of the sink roll and a thruster arm rigidly 
connected to the lower end of each support arm. A 
wear resistant tungsten carbide insert was provided 

w on the inside surface of each thruster arm adjacent 
each arm opening. The distance between the stop 
surfaces was 257.5 cm at galvanizing operating 
temperature. A tungsten carbide bearing was 
formed from a pair of trapezoidal shaped inserts, 

75 each insert being of the same size. Each bearing 
insert had an inner flat bearing surface. The bear- 
ing inserts were mounted into a machined groove 
provided within the opening in the lower end of 
each support arm. The adjacent surfaces of the 

20 bearing inserts formed an obtuse inner angle of 
about 135*. Each end of the groove was undercut 
by an acute angle of about 45 ° so that the bearing 
inserts were tightly retained within the groove at all 
times. The width of the bearing inserts, as viewed 

25 in FIG. 3, was about 12.7 cm. As indicated above, 
the width of the sleeve was about half, e.g., 6.3 cm, 
the width of the bearing inserts. Life of conventional 
bearing support systems had averaged 3.5 days 
while the life of sink rolls overlaid with a protective 

30 cobalt based coating had averaged about 7 days. 
With the improved bearing support system of the 
invention in this trial, the life of the bearing and 
sleeve was increased to 21 days, well in excess of 
the normal life expectancy of a submerged pot roll. 

35 In fact, very little visual wear could be observed to 
the bearing surfaces of the bearing inserts. The 
primary reason for this dramatic increase in the 
wear life of the sleeve is because of the uniform 
wear to the outside surface of the sleeve. Uniform 

4o wear is insured when the bearing surface is at least 
as wide as the outside surface of the trunnion 
sleeve and lateral thrust of the sink roll is controlled 
so that the full width of the outside surface of the 
sleeve is in contact with the bearing surface when- 

45 ever tension is applied to the metal strip. 

A satisfactory wear resistant material for the 
bearings and stop surface inserts was determined 
To~WTungsten carbide during the trial of this inven- 
tion. Other ceramic materials could be used as 

so well. For example, carbide type ceramics such as 
SiC, B*C, TiC, ZrC; nitride type ceramics such as 
Si 3 N 4 , AIN, TiN, and ZrN; boride type ceramics 
such as BN, 2rB2 HB2 and oxide type ceramics 
such as ZrCfe, Cr 2 03 could be used. 

55 It will be understood various modifications can 
be made to the invention without departing from 
the spirit and scope of it. Therefore, the limits of 
the invention should be determined from the ap- 
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pended claims. 
Claims 

1. An apparatus for continuous hot dip coating 5 
metal strip with molten metal, comprising: 

a vessel (24) for containing a bath (28) of 
molten coating metal, at least one roll (30) for 
being submerged into the bath defining a path 
of travel for a metal strip (12) through the bath 10 
with the strip applying force to the roll as a 
result of tensile load on the strip (12) and a 
pair of spaced arms (36) for supporting the roll, 
the roll (30) having a cylindrical body (52) 
having an outer surface for being in contact is 
with the strip (12) and a trunnion (54) projec- 
ting axially from each end of the body (52), 
each support arm (36) having an upper end 
(38) and a lower end (40), 

the upper ends (38) mounted at a position (42) 20 
above the vessel (24), 

each of the lower ends (40) for being sub- 
merged into the bath (24) and including means 
(58) for supporting the roll (30) and means (56) 
for restraining lateral thrust of the roll (30), 25 
each support means (58) including an over- 
sized opening (59), a tungsten carbide or other 
ceramic wear resistant bearing (68) mounted 
within the opening and a cylindrical wear resis- 
tant sleeve (66) mounted onto each of the 30 
trunnions (54), 

each of the trunnions (54) being disposed with- 
in and supported by one of the openings (59), 
the restraining means (56) including a stop 
surface (60) disposed adjacent to the outer 35 
end of one of the trunnions (54), 
the bearing surface (70) being at least as wide 
as the sleeve (66), 

the distance between the stop surfaces (60) 
being greater than the over all length of the roll aq 
(30) whereby the full width of the sleeve (66) is 
supported by the bearing (68) during coating 
of the strip (12). 

2. The apparatus of claim 1, wherein the bearing 45 
surface (70) has a width greater than and in- 
cluding twice the width of the sleeve (66). 

3. The apparatus of claim 1 , wherein the bearing 

(68) includes a pair of juxtaposed inserts (82, 50 
84), each insert having a fiat bearing surface 
(86, 88). 

4. The apparatus of claim 3, wherein the inserts 

(82, 84) are trapezoidal shaped and the flat 65 
bearing surfaces (86, 88) are disposed in 
planes intersecting one another in an obtuse 
angle (89), preferably greater than 100 # . 



5. The apparatus of claim 1, wherein the trunnion 
end (55) is wear resistant hemispherical 
shaped. 

6. The apparatus of claim 1, wherein the bath 
(28) includes a sink roll (30) and a pair of 
stabilizing rolls (32). 

7. The apparatus of claim 1, wherein the stop 
surface (60) is a thruster arm (62) mounted to 
the lower end (40) and extending away from 
the support arm (36). 

8. The apparatus of claim 7, wherein the stop 
surface is of a wear resistant material of the 
group including tungsten carbide. 

9. The apparatus of claim 1 , wherein the roll body 
(52) has an outer protective wear resistant sur- 
face coating. 

10. The apparatus of claim 1, wherein the bearing 
(68) is mounted in a groove (94) provided 
within the arm opening (59). 
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